Severe acute respiratory syndrome coronavirus (SCoV) 7a protein is one of the viral accessory proteins. In expressing cells, 7a protein exhibits a variety of biological activities, including induction of apoptosis, activation of the mitogen-activated protein kinase signaling pathway, inhibition of host protein translation, and suppression of cell growth progression. Analysis of SCoV particles that were purified by either sucrose gradient equilibrium centrifugation or a virus capture assay, in which intact SCoV particles were specifically immunoprecipitated by anti-S protein monoclonal antibody, demonstrated that 7a protein was associated with purified SCoV particles. Coexpression of 7a protein with SCoV S, M, N, and E proteins resulted in production of virus-like particles (VLPs) carrying 7a protein, while 7a protein was not released from cells expressing 7a protein alone. Although interaction between 7a protein and another SCoV accessory protein, 3a, has been reported, 3a protein was dispensable for assembly of 7a protein into VLPs. S protein was not required for the 7a protein incorporation into VLPs, and yet 7a protein interacted with S protein in coexpressing cells. These data established that, in addition to 3a protein, 7a protein was a SCoV accessory protein identified as a SCoV structural protein.
Human coronavirus infections typically cause only mild or moderate diseases (19, 43) , so the revelation that the newly identified severe acute respiratory syndrome (SARS) coronavirus (SCoV) is the etiologic agent for the global outbreak of life-threatening SARS in the winter of 2002/2003 was surprising (7, 17, 18, 34) . Bats appear to be natural reservoirs of SCoV and SCoV-like viruses (20, 21) . Specific mutations in the viral peplomer protein, S protein, allowed a SCoV-like virus to cross the species barrier and become a highly infectious human pathogen (22, 35) . SCoV is an enveloped, positive-sense RNA virus with a spherical shape of approximately 100 nm in diameter. Like other coronaviruses, the SCoV membrane contains three viral proteins, S, M, and E. The ϳ30-kb SCoV genomic RNA is bound with N protein to form a nucleocapsid complex, which is surrounded by the viral membrane. The genome organization of SCoV is also similar to that of other coronaviruses; the 5Ј two-thirds of the genome encodes the gene 1 proteins, whose primary functions are associated with viral RNA synthesis, and the 3Ј one-third encodes all of the structural proteins and accessory proteins, including 3a, 3b, 6, 7a, 7b, 8a, 8b, and 9b (24, 36, 40) . Expression of 3a, 6, and 7a proteins has been confirmed to occur in infected cells and patients (8, 10, 46, 48) . SCoV 3a protein is a viral structural protein (15, 37) and is released from 3a-expressing cells and virus-infected cells in membranous structures (13) . Although other coronaviruses also produce accessory proteins (19, 43) , the amino acid sequences of all of the SCoV accessory proteins have no homology with those of any other known viral proteins or nonviral proteins. Deletion of open reading frames 3a, 3b, 6, and 7a, either alone or in combination, does not affect the virus replication significantly in cell culture (45) , demonstrating that these SCoV accessory proteins are not essential for virus replication in cell culture. Past studies of other coronaviruses suggested that many of the accessory proteins are important for viral virulence in vivo (6, 32, 33, 41, 44) . Likewise, SCoV accessory proteins may play roles in SCoV pathogenesis, but the biological functions of these SCoV-specific accessory proteins are largely unexplored.
The 122-amino-acid (aa)-long SCoV 7a protein (also known as X4 protein or U122 protein) is a type I transmembrane protein consisting of a 15-aa signal peptide sequence at its N terminus, an 81-aa luminal domain, a 21-aa transmembrane domain, and a short C-terminal tail (30) . The 7a gene is conserved in all SCoV strains isolated from humans and animals (21) . The crystal structure of the luminal domain of the 7a protein has been resolved, revealing an unexpected topology similar to that of members of the immunoglobulin (Ig) superfamily (30) . There are controversies in the literature as to whether 7a protein is localized in the endoplasmic reticulum or Golgi compartment (8, 16, 30) . Reported biological functions of 7a protein based on expression studies include induction of apoptosis in various cell lines through a caspase-dependent pathway (38) , inhibition of cellular protein synthesis, activation of p38 mitogen-activated protein kinase (MAPK) (16) , and suppression of cell cycle progression at the G 0 /G 1 phase (47); yet, it is still unclear whether 7a protein exerts these functions in infected cells. Nevertheless, these intriguing results collectively suggest that 7a protein is likely involved in virus-host interactions.
To further understand the function and properties of SCoV 7a protein, we examined whether 7a protein was a SCoV struc-were dissolved in 1ϫ SDS-PAGE loading buffer and used for Western blot analysis.
Generation and analysis of SCoV VLPs. Mixtures of plasmids containing pCAGGS-S, pCAGGS-M, pCAGGS-N, pCAGGS-E, pCAGGS-3a, or pCAGGS-7a in various combinations, as indicated in each experiment, were transfected into subconfluent 293T cells grown on 100-mm cell culture dishes. Culture media were harvested and analyzed using Western blotting as described above. In metabolic label experiments, the transfected cells were labeled with 100 Ci/ml Trans 35 S-Label (MP Biomedicals, CA) from 42 h to 48 h after transfection. The culture media were collected, clarified as described above, and centrifuged at 26,000 rpm for 3 h on a discontinuous sucrose gradient consisting of 60, 50, 30, and 20% sucrose by using an SW28 rotor. The VLP samples at the interface of 30 and 50% sucrose were collected, diluted with NTE buffer, and further loaded on the top of a 20 to 60% continuous sucrose gradient. After 18 h of centrifugation at 26,000 rpm in an SW28 rotor, 10 fractions were collected from the bottom of the gradient and measured for sucrose densities. Samples were diluted and recovered by centrifugation through a 20% sucrose cushion in a Beckman SW41 rotor. The pellets were dissolved in 1ϫ SDS-PAGE loading buffer, applied to a 10% SDS-PAGE gel, and analyzed using autoradiography.
SCoV virus capture assay. A SCoV virus capture assay was performed as reported previously (13) . Briefly, supernatants from SCoV-infected Caco2 cells or transfected cells were partially purified by centrifugation through a 20% sucrose cushion. The pellet was suspended in NTE buffer containing a protease inhibitor cocktail (Sigma) with bovine serum albumin (BSA) at a concentration of 0.3%. Samples were precleared by incubation with 40 l of protein A/G Sepharose 4 Fast Flow beads (Amersham Biosciences) at 4°C for 1 h. Then, samples were collected and mixed with 5 g of mouse anti-SCoV S protein monoclonal antibody (NR-617) or mouse anti-H2K k D k (H2K) monoclonal antibody (29) . After incubation at 4°C overnight, 5 g of goat anti-mouse IgG (Fc␥ fragment specific; Jackson ImmunoResearch Laboratories, Inc., West Grove, PA) was added and incubated at 4°C for 3 h. Then, 40 l of protein A/G Sepharose Fast Flow beads was added and incubated for another 3 h at 4°C. After centrifugation at 750 ϫ g for 5 min, the supernatant was collected. The pellets were washed with NTE buffer five times. Finally, the collected supernatant and the pellets were suspended in SDS-PAGE loading buffer and used for SDS-PAGE and Western blot analysis.
Coimmunoprecipitation analysis. Subconfluent 293T cells were transfected with plasmids by means of TransIT-293 reagent. At 24 h posttransfection, cells were harvested and washed once with ice-cold PBS. Cell lysates were prepared in radioimmunoprecipitation assay lysis buffer (1% NP-40, 0.1% SDS, 0.5% sodium deoxycholate, and protease inhibitor cocktail in PBS) on ice for 30 min and briefly centrifuged using an Eppendorf microcentrifuge at maximum speed to remove cell debris. Supernatants were collected and precleared by incubation with 40 l of protein A/G Sepharose Fast Flow beads for 1 h at 4°C. Then, 1 g of rabbit anti-7a protein antibody, mouse anti-myc monoclonal antibody (9E10; Santa Cruz), or mouse anti-SCoV S protein monoclonal antibody (NR-617) was added, as indicated in each experiment, to precipitate the 7a protein, 7a-myc protein, or S protein at 4°C overnight. The samples were incubated further with 40 l of protein A/G Sepharose Fast Flow beads for an additional 3 h at 4°C. After centrifugation at 750 ϫ g for 5 min, precipitated immune complexes were washed three times with lysis buffer and twice with PBS. Finally, the immunoprecipitated proteins were dissolved in 2ϫ SDS-PAGE loading buffer and analyzed via Western blot assay.
RESULTS

SCoV 7a protein is a SCoV structural protein.
To test whether SCoV 7a protein was a viral structural protein, SCoV that was released from infected Caco2 cells was purified using a 20 to 60% sucrose gradient centrifugation. Twelve fractions were collected from the bottom of the gradient, and the presence of SCoV proteins in each fraction was analyzed using Western blot analysis. Consistent with our past studies (13), the strongest S, N, and M protein signals were detected in fractions 5 (density, 1.20 g/ml) and 6 (density, 1.18 g/ml) ( Fig.  1) , showing that the buoyant density of SCoV was between 1.18 and 1.20 g/ml. Western blot analysis clearly demonstrated that the peak of SCoV 7a protein was also in fractions 5 and 6, suggesting that the 7a protein was a SCoV structural protein.
To further confirm the presence of 7a protein in SCoV particles, a virus capture assay using anti-SCoV S protein monoclonal antibody was conducted. This method allows purification of intact SCoV from the culture media of virusinfected cells with high specificity and efficacy (13, 31) . Partially purified SCoV was incubated with anti-SCoV S monoclonal antibody and subsequently captured using immunoprecipitation. Our results demonstrated that anti-SCoV S monoclonal antibody successfully precipitated intact SCoV particles carrying M, S, and 3a proteins (Fig. 2) . SCoV 7a protein was also precipitated by anti-SCoV S monoclonal antibody. In contrast, an unrelated H2K monoclonal antibody failed to precipitate any of these viral proteins, exhibiting the specificity of the virus capture assay. The virus capture assay was quite effective for precipitating intact SCoV particles, as neither the 7a protein nor the M protein, the most abundant viral structural protein, was detected in the supernatant of the immunoprecipitated samples (data not shown). Because 7a protein was identified in the SCoV samples purified with two different purification methods, we concluded that 7a protein was a novel SCoV structural protein.
SCoV 3a protein is dispensable for incorporation of 7a protein into virions. A past study reporting the interaction between expressed 3a and 7a proteins (39) led us to examine the possibility that SCoV 7a protein was incorporated into SCoV particles through an interaction between proteins 3a and 7a. To this end, we have established a SCoV VLP system, in which SCoV VLPs were produced from the cells coexpressing viral structural proteins. SCoV genes were cloned downstream of the chicken ␤-actin promoter in the pCAGGS mammalian expression plasmid for the expression of viral proteins. Subconfluent 293T cells were cotransfected with pCAGGS-S, expressing SCoV S protein, pCAGGS-M, expressing SCoV M protein, pCAGGS-N, expressing SCoV N protein, and pCAGGS-E, expressing SCoV E protein. All of these proteins are common coronavirus structural proteins. Cells were metabolically labeled with Tran[
35 S] for 6 h from 42 to 48 h posttransfection. At 48 h posttransfection, culture media were collected and clarified. Released VLPs were partially purified through ultracentrifugation on a discontinuous sucrose gradient for 3 h and subsequently on a continuous sucrose gradient overnight. Ten fractions were collected from the bottom, and the VLPs in each fraction were pelleted through 20% sucrose cushions. Samples were examined using SDS-PAGE and autoradiography. SCoV VLPs containing S, M, and N proteins were detected, and most of them were found in fraction 6 (sucrose density, 1.167 g/ml) (Fig. 3 ). We were unable to detect the E protein by separating SCoV VLP proteins in a higher concentration of a gel, suggesting a low abundance of E protein in SCoV VLPs.
The role of 3a protein in the assembly of 7a protein into SCoV particles was studied by examining incorporation of 7a protein into VLPs in the presence and absence of SCoV 3a protein. Subconfluent 293T cells were transfected with a mixture of pCAGGS-S, pCAGGS-M, pCAGGS-N, pCAGGS-E, and pCAGGS-7a, which expresses 7a protein, either with or without pCAGGS-3a, which expresses 3a protein. For VLPs without 3a protein, pCAGGS plasmid was used instead of pCAGGS-3a. At 48 h after transfection, released VLPs in the clarified culture media were pelleted by using ultracentrifugation through a 20% sucrose cushion. Then, two SCoV VLP preparations, with or without 3a protein, were suspended in NTE buffer containing 0.3% of BSA and subjected to the virus capture assay with anti-SCoV S monoclonal antibody. As expected, Western blot analysis of the captured SCoV VLPs indicated that both VLPs contained N, S, and M proteins (Fig.  4) . The captured VLPs from both preparations contained 7a protein.
VLPs from the cells coexpressing 3a protein also contained 3a protein. Although the 7a protein levels in the VLPs from the 3a-expressing cells were slightly higher than levels from the cells not expressing 3a protein, the amounts of intracellular 7a protein were also similarly larger in the former (Fig.  4) . Two S protein signals were detected in the cell extracts, and we suspect that the fast-migrating signal represented an unglycosylated form of S protein. The partially excised band above the N protein in the captured VLPs represented the 50-kDa IgG heavy chain, which migrated closely to the 45-kDa N protein. These data demonstrated that the expressed 3a protein and 7a protein were incorporated into SCoV VLPs yet that expression of 3a protein was dispensable for incorporation of 7a protein into SCoV VLPs. Our data also indicated that the major viral structural proteins, i.e., S protein, M protein, N protein, and E protein, were sufficient for the assembly of 7a protein into virus particles, while other viral proteins, including those proteins encoded by gene 1 and other SCoV accessory proteins, were not required for the assembly of 3a and 7a proteins into SCoV VLPs. Analysis of 7a protein assembly into SCoV VLPs. The SCoV VLP system was used to further characterize the role of SCoV viral proteins in incorporation of 7a protein into SCoV VLPs. Cultures of 293T cells were transfected with different combinations of plasmids, as shown in Fig. 5 ; pCAGGS plasmid was added to adjust the total amount of DNAs to the same level in all of the different samples. The released VLPs were recovered by ultracentrifugation through a 20% sucrose cushion and examined on Western blots (Fig. 5) . Consistent with our previous study (13) , 7a protein was not released from 7a protein-expressing cells. A low level of 7a protein was detected in the pellets of the culture media prepared from the cells cotransfected with pCAGGS-E and pCAGGS-7a, suggesting that coexpression of E protein and 7a protein resulted in the release of a low level of 7a protein into culture fluid. Because expression of mouse hepatitis virus (MHV) E protein alone (23) or infectious bronchitis virus E protein alone (5) results in release of membrane vesicles containing E protein, the 7a protein might have been released into putative SCoV E protein membrane vesicles. A substantial increase in the amount of 7a protein in culture media was observed to occur when 7a protein was coexpressed with E and M proteins (Fig. 5) . Western blot analysis also revealed the presence of M protein in the same sample. Past studies of coronavirus assembly demonstrated that coexpression of M and E proteins results in VLP on March 18, 2015 by ST ANDREWS UNIV http://jvi.asm.org/ production and that S protein is dispensable for VLP production (42) . Accordingly, our data suggested that VLPs containing 7a protein were released from the cells expressing M, E, and 7a proteins. The amounts of 7a protein in the released VLPs did not change substantially when N and S proteins were coexpressed with M, E, and 7a proteins, although a tendency towards increased amounts of M protein in the presence of N protein was seen. In fact, when a reduced amount of pCAGGS-M was used, cotransfection of pCAGGS-N with pCAGGS-M and pCAGGS-E substantially increased VLP production compared with cotransfection of the latter two plasmids only (unpublished data), suggesting that SCoV N protein expression somehow promoted SCoV VLP production. These data implied that 7a protein was assembled into VLPs containing M and E proteins. 7a protein interacts with S protein.
To understand the mechanism of 7a protein assembly into SCoV VLPs, we next used coimmunoprecipitation to determine if 7a protein interacts with M protein in cells expressing both proteins. We were unable, however, to demonstrate the expected interaction (data not shown). We also tested whether anti-7a antibody could coimmunoprecipitate E protein along with 7a protein in cells coexpressing 7a and E proteins. The anti-7a antibody pulled down the 7a protein successfully, but we failed to detect coimmunoprecipitated E protein (data not shown). A reciprocal experiment using anti-E protein antibody was not performed, due to the lack of an antibody suitable for immunoprecipitation.
We next tested whether 7a protein interacted with S protein. Five micrograms of pCAGGS-7a plasmid and 5 g of pCAGGS-S plasmid, either alone or in combination, as indicated (A), or 5 g of pcDNA-7a-myc and 5 g of pCAGGS-S, either alone or in combination, as indicated (B), were transfected into 293T cells. At 24 h after transfection, cell lysates were prepared in radioimmunoprecipitation assay lysis buffer, and expressed proteins were immunoprecipitated with mouse anti-SCoV S monoclonal antibody (A) or anti-myc antibody (9E10) (B). Precipitated immune complexes were examined using Western blot analysis with rabbit anti-S antibody and anti-7a antibody, as indicated. Levels of 7a protein, 7a-myc protein, and S protein in cell lysates (Input) were also examined by Western blot assay. IP, immunoprecipitation; IB, immunoblotting.
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SCoV 7a PROTEIN 7291 protein along with S protein (Fig. 6A) . The anti-S antibody did not immunoprecipitate 7a protein from the extracts of pCAGGS-7a-transfected cells (Fig. 6A) , indicating it did not cross-react with 7a protein. Western blot analysis of the cell extracts also showed that coexpression of 7a protein and S protein did not affect the accumulation of either protein. A complementary experiment, looking at whether anti-7a antibody coimmunoprecipitated S protein, showed that anti-7a antibody did not coimmunoprecipitate the S protein from coexpressing cells (data not shown). To circumvent this problem, we coexpressed 7a-myc protein, in which a myc tag was attached at the C terminus of 7a protein, and S protein in 293T cells and performed the immunoprecipitation experiment using anti-myc antibody (Fig. 6B) . Anti-myc antibody coprecipitated S protein along with 7a-myc protein. Again, cotransfection of two plasmids did not affect the intracellular accumulation of S and 7a proteins. These data revealed the interaction of 7a protein with S protein in coexpressing cells.
DISCUSSION
The present study unambiguously demonstrated that SCoV 7a protein was a SCoV structural protein by detecting SCoV 7a protein in purified SCoV both by a sucrose gradient purification method and by a SCoV capture assay using anti-S antibody. To understand the mechanism of the assembly of 7a protein into SCoV, a SCoV VLP production system that used a eukaryotic expression vector for expression of viral structural proteins was developed. SCoV VLPs containing 7a protein were produced from cells coexpressing 7a, S, M, E, and N proteins. Although 3a protein and 7a protein have been shown to interact with each other in coexpressing cells (39) and 3a protein is a SCoV structural protein (15), 3a protein was not necessary for assembly of 7a into SCoV VLPs. Consistent with our previous study (13) , 7a protein was not released into culture fluid from the cells expressing 7a protein alone, while coexpression of 7a and E proteins resulted in the release of 7a protein into culture medium. SCoV 7a protein was released more efficiently from the cells coexpressing 7a, E, and M proteins, most probably as a form of SCoV VLPs containing M, E, and 7a protein. Coimmunoprecipitation analysis demonstrated that 7a protein interacted with SCoV S protein in coexpressing cells; however, the biological significance of this interaction is unclear.
SCoV 3a protein was the first SCoV accessory protein identified as a viral structural protein (15, 37) . Here, we further determined that SCoV 7a protein was the second SCoV accessory protein identified as a viral structural protein. The structural status of accessory proteins of other coronaviruses has not been studied extensively; only MHV I protein is known to be assembled into virus particles (9) . The presence of two SCoV accessory proteins in the SCoV virion implies that some of the accessory proteins of other coronaviruses may also be viral structural proteins. In addition to being a structural protein, SCoV 3a protein is released from SCoV-infected cells and 3a-expressing cells in membranous structures (13) . In contrast, the present study (Fig. 5 ) and our previous study (13) both demonstrated that 7a protein was not released from 7a-expressing cells. Analysis of SCoV samples purified by equilibrium ultracentrifugation on sucrose gradients showed that most of the 7a protein was detected in the fractions containing abundant SCoV S, N, and M proteins (Fig. 1) . Also, SCoV 7a protein was detected only in SCoV particles that were captured by anti-S antibody in the SCoV capture assay (Fig. 2) and not in the postimmunoprecipitation supernatant (data not shown). These data demonstrated that, unlike SCoV 3a protein, 7a protein was released only from SCoV-infected cells in association with virus particles.
Coronavirus VLPs have been used to study the mechanisms of virus assembly (5, 23, 42) . Most previous studies used exogenous viruses to drive expression of viral proteins (2, 23, 28, 42) . Studies of SCoV using recombinant baculovirus expression systems found that expression of SCoV M and E proteins was sufficient for VLP formation (11, 26) . If S protein is expressed with M and E proteins, VLPs showing typical coronavirus-like morphology and size are produced (11, 26) . In addition, SCoV VLP production by use of a recombinant vaccinia virus has been reported (12) . Huang et al. demonstrated that the eukaryotic expression vector-mediated expression of SCoV M and N proteins results in accumulation of intracellular SCoV pseudoparticles (14) . Although they did not show the release of pseudoparticles (or VLPs) from plasmid-transfected cells, their results were distinctly different from those of previous studies that have demonstrated the importance of M and E proteins for efficient coronavirus VLP production (42) . The difference in the methods of expressing viral protein might have led to the different results. Otherwise, the mechanism of SCoV assembly may be distinctly different from that known for other coronaviruses. The present study showed that coexpression of SCoV S, M, E, and N proteins resulted in efficient production and release of SCoV VLPs (Fig. 3) . Furthermore, our data suggested that coexpression of E, M, and 7a proteins resulted in efficient SCoV VLP production (Fig. 5) . Our SCoV VLP system not only eliminated possible unwanted effects caused by exogenous viruses in the study of coronavirus assembly but also yielded VLP samples free of these exogenous viruses. Furthermore, these particles could serve as sources of viral antigens for diagnostic and immunization purposes as well as for detailed analyses of coronavirus structure that would not entail handling a highly pathogenic coronavirus (e.g., SCoV) in a biosafety level 3 laboratory.
Release of 7a protein was detected from cells coexpressing 7a and E proteins but not from cells expressing 7a protein alone (Fig. 5) , suggesting that E protein induced the release of 7a protein. MHV E protein is released in membrane vesicles from E protein-expressing cells and MHV-infected cells (23) , and infectious bronchitis virus E protein is released from E protein-expressing cells (5); likewise, SCoV E protein may be released in membrane vesicles from E protein-expressing cells. If this is the case, coexpressed 7a protein might be included in the putative E protein-containing vesicles. Coexpression of 7a, E, and M proteins resulted in efficient release of 7a protein into culture media (Fig. 5) . M protein was also detected in the culture media, and the possibility is very likely that SCoV VLPs containing M, E, and 7a proteins were released from the coexpressing cells. We suspect that E or M protein interacted with 7a protein to facilitate the assembly of 7a protein into VLPs; investigating possible 7a-E and/or 7a-M interactions is another topic of study. Although we showed that 7a protein interacted with S protein in coexpressing cells (Fig. 6) , it ap-pears that this interaction was not essential for the assembly of 7a protein into virus particles (Fig. 5) .
To estimate the abundance of SCoV 3a and 7a proteins in SCoV particles, the gradient-purified SCoV particles were applied to an SDS-PAGE gel, and the gel was stained with colloidal Coomassie blue (Bio-Rad). In addition to major viral structural S, N, and M proteins, multiple bands, which probably represented contaminated host proteins and/or partially degraded viral proteins, were detected (data not shown). These bands interfered with the positive identification of the 3a and 7a proteins. Although Western blot analysis clearly showed the presence of 3a and 7a proteins in SCoV VLPs from the cells coexpressing S, M, E, N, 3a, and 7a proteins (Fig. 4) , we were unable to demonstrate the presence of 3a and 7a proteins in the purified radiolabeled SCoV VLPs from the cells coexpressing the same proteins (data not shown), suggesting the presence of low abundances of 3a and 7a proteins in SCoV VLPs.
Although 7a protein is not essential for SCoV replication in cell culture (45) , its assembly into SCoV implies the importance of 7a protein in the viral replication circle; the presence of 7a protein in SCoV particles indicates that virion-associated 7a protein may exert its function early in infection. The incoming 7a protein might alter the intracellular environment immediately after infection, by itself or by binding a putative cellular ligand(s), in a way that might be beneficial for virus replication. Previous studies demonstrated that expressed 7a protein affects host cells by inducing apoptosis (38) , inhibiting translation of cellular protein (16) , activating p38 MAPK (16) , and blocking cell cycle progression at G 0 /G 1 (47) . In fact, activation of p38 MAPK occurs in both SCoV infection and MHV infection (1, 25) . In the case of MHV, activated p38 MAPK promotes virus replication through virus-induced translation initiation factor 4E activation (1). In MHV-infected cells, the cell cycle is arrested at the G 0 /G 1 phase, which may benefit MHV replication and MHV pathogenesis (4). In contrast, MHV replication is suppressed in the cells that undergo apoptosis (3) . Accordingly, some of these reported functions of SCoV 7a protein from overexpression studies appear to be beneficial for SCoV replication, whereas some do not. Further studies using SCoV, its 7a gene deletion mutant (45) , SCoV VLPs carrying 7a protein, and those lacking 7a protein will be useful to determine the biological functions of virion-associated 7a protein.
